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Abstract

Aim: To estimate the prevalence of both cardiometabolic and other co-morbidities in

patients with COVID-19, and to estimate the increased risk of severity of disease

and mortality in people with co-morbidities.

Materials and Methods: Medline, Scopus and the World Health Organization website

were searched for global research on COVID-19 conducted from January 2019 up to

23 April 2020. Study inclusion was restricted to English language publications, original

articles that reported the prevalence of co-morbidities in individuals with COVID-19,

and case series including more than 10 patients. Eighteen studies were selected for

inclusion. Data were analysed using random effects meta-analysis models.

Results: Eighteen studies with a total of 14 558 individuals were identified. The pooled

prevalence for co-morbidities in patients with COVID-19 disease was 22.9% (95% CI:

15.8 to 29.9) for hypertension, 11.5% (9.7 to 13.4) for diabetes, and 9.7% (6.8 to 12.6)

for cardiovascular disease (CVD). For chronic obstructive pulmonary disease (COPD),

chronic kidney disease (CKD), cerebrovascular disease and cancer, the pooled preva-

lences were all less than 4%. With the exception of cerebrovascular disease, all the

other co-morbidities presented a significantly increased risk for having severe COVID-

19. In addition, the risk of mortality was significantly increased in individuals with CVD,

COPD, CKD, cerebrovascular disease and cancer.

Conclusions: In individuals with COVID-19, the presence of co-morbidities (both car-

diometabolic and other) is associated with a higher risk of severe COVID-19 and

mortality. These findings have important implications for public health with regard to

risk stratification and future planning.
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1 | INTRODUCTION

In December 2019, a new flu-like virus causing atypical pneumonia

emerged, affecting many individuals in the city of Wuhan, China. The

syndrome caused by this virus, later recognized as coronavirus disease

2019 (COVID-19),1 has now reached pandemic levels. As of 4 May

2020, there have been 3 585 711 confirmed cases of COVID-19 and

248 780 deaths reported worldwide.2 COVID-19 cases have been classi-

fied as mild, moderate, and severe or critical.3 In its mild form, the symp-

toms are a cough and fever, while imaging shows no signs of lung

inflammation. A case is classified as moderate if the patient has a fever,

respiratory tract symptoms, and imaging shows visible lung inflammation.

Severe cases of COVID-19 include adults with any of the following:

shortness of breath (respiratory rate of >30 breaths per minute), oxygen

saturation <93% at rest, or arterial oxygen partial pressure <300 mmHg.

Based on early estimates made by China's National Health Com-

mission of those who died from this outbreak, 75% had pre-existing

health conditions such as diabetes and cardiovascular disease.4,5 Sub-

sequently, other reports highlighted the high number of pre-existing

health conditions in patients with COVID-19.6,7 The overwhelming

burden of COVID-19 has led to severe pressure on the capacity of

healthcare systems, and has adversely affected healthcare workers.8 It

is vital to identify patients at the highest risk of morbidity and mortal-

ity to ensure that adequate advice is given to those most at risk, and

also to enable them to shield themselves from the spread of this dis-

ease. Such information is also important for future risk stratification

for any preventative therapies or vaccinations.

Current knowledge about this novel virus is rapidly evolving, war-

ranting the need to update systematic reviews as more evidence

becomes available. Previous systematic reviews focusing on co-mor-

bidities have assessed the prevalence of co-morbidities in COVID-19

patients, and reported the increased odds of having co-morbidities in

patients with severe COVID-19 compared with the non-severe

stage.9,10 This systematic review and meta-analysis assesses the risk

of severity of disease and mortality in patients with COVID-19 with

cardiovascular and other co-morbidities, compared with those

patients without, and also updates current evidence on the prevalence

of co-morbidities in this patient group.

2 | METHODS

2.1 | Databases and search strategy

This study was conducted in accordance with the Preferred Reporting

Items for Systematic reviews and Meta-Analyses (PRISMA)11 and

Meta-analyses Of Observational Studies in Epidemiology (MOOSE)12

guidelines (completed checklists are provided in Figures S1 and S2).

The protocol for this systematic review and meta-analysis is regis-

tered at PROSPERO (CRD42020175966).

Three authors (AKS, RS and AS) performed an initial systematic

search on 30 March 2020; an updated search was conducted (by CLG

and SS) on 23 April 2020. For research into COVID-19,13 Medline,

Scopus and the World Health Organization website were searched;

the full search strategy is provided in Figure S3.

2.2 | Eligibility criteria and study selection

We retrieved all studies conducted in patients with COVID-19 that

explicitly reported detailed epidemiological characteristics, prevalence

of co-morbidities, severity of the disease, and in-hospital death out-

comes. We excluded case reports, case series including less than 10

patients, studies which did not report the prevalence of co-morbid-

ities, and studies not published in the English language. Studies that

reported the prevalence of co-morbidities but did not report either

mortality or the severity of COVID-19 were still included, but only

incorporated in the meta-analysis of prevalence.

Initial abstract and title screening was carried out by two authors

(AKS and SS). The full texts of studies that met our predefined inclusion

criteria were screened by four authors (AKS, RS, AS and CLG), and

those which met the inclusion criteria were retrieved for further review.

Where it was clear that the study cohorts overlapped (i.e. the same

hospital and time period for cases were specified), then the largest

study was selected for inclusion. If studies had an overlapping cohort

but reported the data for different analyses, then both were included in

the systematic review but were analysed separately, with the studies

contributing to different meta-analyses. Any ambiguities during study

selection were resolved by discussion and consensus. A detailed PRI-

SMA flow diagram for the search strategy is illustrated in Figure 1.

2.3 | Risk of bias and study quality

The Newcastle-Ottawa Scale (NOS), proposed by Wells et al50 and

designed to evaluate the quality of non-randomized studies, was

employed to assess risk of bias. The NOS score consists of three catego-

ries: Selection, Comparability and Outcome. A study can be rated from 0

to 9. Two authors (YC and BC) independently assessed the studies for

risk of bias and any disagreements were resolved through discussion.

2.4 | Data extraction and statistical analysis

Three authors (AKS, RS and CLG) independently undertook data

extraction according to the Cochrane Handbook for Systematic Reviews
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of Interventions guidelines.15 Any disagreements were settled by all

the authors reaching a consensus.

We calculated the estimated pooled prevalence of diabetes,

hypertension, cardiovascular disease (CVD), chronic obstructive pul-

monary disease (COPD), chronic kidney disease (CKD), cerebrovas-

cular disease and cancer in COVID-19 patients. We also calculated

the estimated pooled relative risk of mortality and of contracting

severe versus non-severe COVID-193 infection, as related to each

co-morbidity, using estimated risk ratios (RRs) with 95% confidence

intervals (95% CIs). Different studies utilized different criteria to

determine the severity of disease, and these criteria are listed in

Table S1. Because of in-between study heterogeneity, all models

were fitted assuming random effects using the DerSimonian and

Laird method.15 This method is based on the inverse weighting

approach, but incorporates an adjustment to the study weightings

according to the extent of heterogeneity. Heterogeneity was

assessed using Higgins I2 statistic16 and was interpreted as low

(I2 < 25%), moderate (I2 = 25%-50%) or high (I2 > 50%). Between-

study heterogeneity was investigated by fitting meta-regression

models to assess the associations between study effect size, the

mean age of patients (median age was used if the mean was not

reported) and sex (proportion of males). Meta-regression models

were fitted using random effects univariable meta-regression

models, with the study effect size as the dependent variable, and the

study characteristic of interest as the independent variable.

We evaluated the potential for publication bias within meta-ana-

lyses by funnel plots and Egger's test.15 For meta-analyses where pub-

lication bias was found to be significant, the pooled effect size was

recalculated using the ‘trim and fill’ adjustment based on the Duval

and Tweedle non-parametric method.17 All analyses were carried out

in Stata/IC 15.0 (StataCorp, Texas, USA) using the metan, metareg

and metatrim commands.

Records identified through database searching 
311 (Medline), 166 (Scopus) and 220 (WHO) 

(n = 797, duplicates removed n = 569)

Abstract and title screen
(n = 569)

Duplicates removed 
(n = 128)

Did not meet the selection criteria
(n = 405)

Non-clinical studies, review
articles, letters, commentaries, 
guidelines, systematic reviews 

Full text screen
(n = 164)

Excluded
(n = 146)

Prevalence of co-morbidities not reported (39) 
Letters and Commentaries (35)
Not relevant to research question (33)
Cohort overlapped with a larger included study (10)
COVID-19 cohort restricted to a specific subgroup
or those with a co-morbidity (10)
Study carried out in children (8)
Not on COVID-19 (6)
Not English language (5)

Eligible studies
(n = 18)

F IGURE 1 Flow diagram of
literature search
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3 | RESULTS

3.1 | Study characteristics

The search strategy identified 797 studies, of which 128 were found

to be duplicates, and 405 were non-clinical studies, review articles,

commentaries and guidelines. After the full text review a further 146

studies were excluded, including 10 studies which had a cohort that

overlapped with another larger study to be included in the analysis.18–

27 We included 18 studies with 14 558 patients in this systematic

review.28–41 Four pairs of studies had overlapping

cohorts28,29,31,33,37,42–44 but reported on different outcomes, and

therefore each pair was included in the systematic review, but not

incorporated in the same meta-analyses. The characteristics of the

included studies can be found in Table 1.

The majority of studies (n = 16) were based in China, one was

from the USA, and one was from Italy. Seventeen studies were

based on inpatients, while one study used data from an infectious

diseases registry.30 Study size ranged from 41 participants up to

7162. For the study based on registry data, only the subsample

with information on the presence or absence of co-morbidities was

included.30 The proportion of males in studies varied from 44% to

82%, with most studies including more males than females. Age

varied from a median of 47 to 63 years of age, with the oldest

median age reported in the study conducted in Italy.32 All studies

were carried out from late 2019 to early 2020 (Table 1), and

scored at least 7 on the NOS risk of bias scale (rated low risk of

bias), with the majority scoring 8 (Table S2).

3.2 | Meta-analysis

The meta-analyses of co-morbidities in COVID-19 patients found that

an estimated 22.9% (95% CI 15.8 to 29.9) had hypertension, 11.5%

(9.7 to 13.4) diabetes, 9.7% (6.8 to 12.6) CVD, 3.1% (1.0 to 5.2)

COPD, 2.4% (1.5 to 3.2) CKD, 3.0% (1.8 to 4.2) cerebrovascular dis-

ease, and 3.9% (2.5 to 5.4) had cancer. All of the meta-analyses were

based on a minimum of seven studies and between-study heterogene-

ity varied from moderate to high (a summary of the results of the

meta-analyses is given in Table 2, with full forest plots provided in Fig-

ure S4). The meta-analyses showed that patients with hypertension

(RR 1.66 [95% CI 1.32 to 2.09]), diabetes (2.11 [1.40 to 3.19]), CVD

(2.55 [1.85 to 3.51]), COPD (2.62 [2.31 to 2.97]), CKD (3.86 [2.32 to

6.40]) and cancer (2.48 [1.46 to 4.19]) were all significantly associated

with a higher risk of severe COVID-19 compared with patients with-

out co-morbidities (Figure 2, Table 2). Cerebrovascular disease was

the only co-morbidity assessed that was not significantly associated

with severe COVID-19 (RR 1.73 [95% CI 0.74 to 4.05]), but as only

one study reported these data, this result may be attributable to a lack

of evidence rather than to no true association, and therefore further

research is required (Figure 2, Table 2).

Compared with individuals without co-morbidities, the risk of

death was significantly increased in those patients with CVD (RR 1.88

[95% CI 1.41 to 2.51]), COPD (1.53 [1.03 to 2.28]), CKD (1.84 [1.03

to 3.30]), cerebrovascular disease (2.48 [2.14 to 2.86]) and cancer

(1.77 [1.08 to 2.88]) (Figure 3, Table 2).

Results from the meta-regression analyses showed no statistically

significant association between either mean study age or the propor-

tion of males with estimated RRs for severity or mortality (Table S3).

In addition, although the risk of publication bias was found to be sig-

nificant in four of the meta-analyses undertaken (Table 2; the funnel

plots are provided in Figure S5), when trim and fill analyses were

applied, no adjustments were made to the meta-analyses (no study

estimates were trimmed or filled), and the results remained unchanged

(Table S4).

4 | DISCUSSION

This systematic review and meta-analysis showed that in patients

with COVID-19, hypertension, diabetes, CVD, COPD, CKD and can-

cer were associated with an increased risk of having severe COVID-

19, and CVD, COPD, CKD, cerebrovascular disease and cancer were

also associated with an increased risk of mortality. These results are in

line with other systematic reviews reporting that patients with severe

COVID-19 had increased odds of having a co-morbidity.10 To our

knowledge, although two reviews have assessed the risk of severe

COVID-19 by co-morbidities (found on preprint databases), this is the

first systematic review to estimate the risk of mortality in COVID-19

patients; this is also the first review to assess the increased risk of

severe COVID-19 in patients with CKD, cerebrovascular disease and

cancer. We also estimated the prevalence of co-morbidities in a

COVID-19 patient group, reporting similar results to previous

studies.9

This meta-analysis included 18 studies and more than 14 000

patients. The methods used throughout were robust, with a com-

prehensive search strategy of multiple databases, and a minimum

of two authors selecting studies and extracting data. Some limita-

tions should be considered when interpreting this study. Because

of local policies for testing COVID-19, and the fact that some

studies only included cases admitted to hospital, the cases

selected for individual studies may not represent all of the

regional infected population, especially for asymptomatic cases.

Therefore, the true prevalence and marginal distributions of co-

morbidities among COVID-19 patients remain unknown. The

values of prevalence and relative risk reported in this review

therefore need to be interpreted with caution, and may not

reflect true population rates. A further limitation is that 16 of

the 18 studies were from China, as this is where the outbreak

began, which limits the generalizability of the results. In addition,

although we removed studies which clearly had overlapping

cohorts, in that they named the same hospital and time period,

it was not possible to identify every possible overlap among all

the studies. In particular, the large China-wide study conducted

by Guan et al6 of laboratory-confirmed COVID-19 cases may

have included individuals reported upon in other, smaller,

1918 SINGH ET AL.



T
A
B
L
E
1

C
ha

ra
ct
er
is
ti
cs

o
f
in
cl
ud

ed
st
ud

ie
s

St
ud

y
na

m
e

D
at
es

ca
se
s

id
en

ti
fi
ed

Lo
ca
ti
o
n
(s
tu
dy

de
si
gn

)
N

A
ge

(y
)(
m
ea

n
[S
D
])

M
al
e

H
yp

er
te
ns
io
n

D
ia
be

te
s

C
V
D

C
O
P
D

C
h
ro
n
ic

ki
d
n
ey

d
is
ea

se

C
er
eb

ro
va

sc
u
la
r

d
is
ea

se
C
an

ce
r

C
D
C
U
SA

3
0

1
2
F
eb

-2
8
M
ar

La
bo

ra
to
ry

co
nf
ir
m
ed

ca
se
s

re
po

rt
ed

to
C
D
C
,U

SA

7
1
6
2
c

—
—

—
7
8
4
(1
0
.9
)

6
4
7
(9
.0
)

6
5
6
(9
.2
)

2
1
3
(3
.0
)

—
—

C
he

n
T
7

1
3
Ja
n-
1
2
F
eb

T
o
ng

ji
H
o
sp
it
al
,W

uh
an

,C
hi
na

2
7
4

<
4
0
5
3
(1
9
)

4
0
-5
9
6
8
(2
5
)

>
6
0
1
5
3
(5
6
)

1
7
1
(6
2
.4
)

9
3
(3
3
.9
)

4
7
(1
7
.2
)

2
3
(8
.4
)

1
8
(6
.6
)

4
(1
.5
)

4
(1
.5
)

7
(2
.6
)

C
he

n
T
L2

8
0
1
Ja
n-
1
0
F
eb

Z
ho

ng
na

n
H
o
sp
it
al
,W

uh
an

U
ni
ve

rs
it
y,
C
hi
na

2
0
3

5
4
(4
1
-6
8
)a

1
0
8
(5
3
.2
)

4
3
(2
1
.2
)

1
6
(7
.9
)

1
6
(7
.9
)

8
(3
.9
)

8
(3
.9
)

9
(4
.4
)

7
(3
.4
)

C
he

ng
2
9

2
8
Ja
n-
1
1
F
eb

3
br
an

ch
es

o
f
T
o
ng

ji
H
o
sp
it
al
,

W
uh

an
,C

hi
na

7
0
1

6
3
(5
0
-7
1
)a

3
6
7
(5
2
.4
)

2
3
3
(3
3
.4
)

1
0
0
(1
4
.3
)

—
1
3
(1
.9
)

1
4
(2
)

—
3
2
(4
.6
)

F
en

g3
1

0
1
Ja
n-
1
5
F
eb

Ji
ny

in
ta
n
H
o
sp
it
al
,W

uh
an

,a
nd

T
o
ng

lin
g
P
eo

pl
e'
s
H
o
sp
it
al
,A

nh
ui

P
ro
vi
nc

e,
C
hi
na

4
7
6

5
3
(4
0
-6
4
)a

2
7
1
(5
6
.9
)

1
1
3
(2
3
.7
)

4
9
(1
0
.3
)

3
8
(8
)

2
2
(4
.6
)

—
1
7
(3
.6
)

1
2
(2
.5
)

G
ra
ss
el
li3

2
2
0
F
eb

-1
8
m
ar

7
2
ho

sp
it
al
s,
Lo

m
ba

rd
y
re
gi
o
n,

It
al
y

1
0
4
3
c

6
3
(5
6
-7
0
)a

1
3
0
4
(8
2
.0
)

5
0
9
(4
8
.8
)

1
8
0
(1
7
.3
)

2
2
3
(2
1
.4
)

4
2
(4
.0
)

3
6
(3
.5
)

—
8
1
(7
.8
)

G
ua

n6
1
1
D
ec
-2
9
Ja
n

5
5
2
ho

sp
it
al
s,
C
hi
na

1
0
9
9

4
7
(3
5
-5
8
)a

6
4
0
(5
8
.2
)

1
6
5
(1
5
.0
)

8
1
(7
.4
)

2
7
(2
.5
)

1
2
(1
.1
)

8
(0
.7
)

1
5
(1
.4
)

1
0
(0
.9
)

G
uo

T
3
3

2
3
Ja
n-
2
3
F
eb

Se
ve

nt
h
H
o
sp
it
al
,W

uh
an

C
it
y,

C
hi
na

1
8
7

5
8
.5

(1
4
.7
)

9
1
(4
8
.7
)

6
1
(3
2
.6
)

2
8
(1
5
.0
)

2
1
(1
1
.3
)

4
(2
.1
)

6
(3
.2
)

—
1
3
(7
.0
)

G
uo

W
3
4

1
0
F
eb

-2
9
F
eb

1
7
4
pa

ti
en

ts
w
it
h
SA

R
S-
C
o
v-
2

in
fe
ct
io
n
w
ho

w
er
e
ad

m
it
te
d
to

W
uh

an
U
ni
o
n
H
o
sp
it
al
fr
o
m

1
0

F
eb

2
0
2
0
to

2
9
F
eb

2
0
2
0

1
7
4

5
9
(4
9
-6
7
)a

7
6
(4
3
.7
)

4
3
(2
4
.7
)

3
7
(2
1
.3
)

3
2
(1
8
.4
)

—
1
3
(7
.5
)

1
3
(7
.5
)

1
7
(4
.6
)

H
ua

ng
3
5

0
1
D
ec
-0
2
Ja
n

Ji
ny

in
ta
n
H
o
sp
it
al
,W

uh
an

,C
hi
n
a

4
1

4
9
(4
1
-5
8
)a

3
0
(7
3
.2
)

6
(1
4
.6
)

8
(1
9
.5
)

6
(1
4
.6
)

1
(2
.4
)

—
—

1
(2
.4
)

Li
an

3
6

1
7
Ja
n-
1
2
F
eb

Z
he

jia
ng

P
ro
vi
nc

e,
C
hi
na

7
8
8

—
4
0
7
(5
1
.6
)

1
2
6
(1
6
.0
)

5
7
(7
.2
)

1
1
(1
.4
)

3
(0
.4
)

7
(0
.9
)

—
6
(0
.8
)

Li
an

g3
7

2
1
N
o
v-
3
1
Ja
n

5
7
5
ho

sp
it
al
s,
C
hi
na

1
5
9
0

4
8
.9

(1
6
.3
)

9
0
4
(5
7
.3
)

2
6
9
(1
6
.9
)

1
3
0
(8
.2
)

5
9
(3
.7
)

2
4
(1
.5
)

2
1
(1
.3
)

3
0
(1
.9
)

1
8
(1
.1
)

Li
u
K
ui

3
8

3
0
D
ec
-2
4
Ja
n

9
te
rt
ia
ry

ho
sp
it
al
s,
C
hi
na

1
3
7

5
7
(2
0
-8
3
)b

6
1
(4
4
.5
)

1
3
(9
.5
)

1
4
(1
0
.2
)

1
0
(7
.3
)

2
(1
.5
)

—
—

2
(1
.5
)

W
an

3
9

2
3
Ja
n-
0
8
F
eb

C
ho

ng
qi
ng

U
ni
ve

rs
it
y
T
hr
ee

G
o
rg
es

H
o
sp
it
al

1
3
5

4
7
(3
6
-5
5
)a

7
2
(5
3
.3
)

1
3
(9
.6
)

1
2
(8
.9
)

7
(5
.2
)

1
(0
.7
)

—
—

4
(3
.0
)

W
an

g
D

4
0

0
1
Ja
n-
0
3
F
eb

Z
ho

ng
na

n
H
o
sp
it
al
,W

uh
an

,C
h
in
a

1
3
8

5
6
(4
2
-6
8
)a

7
5
(5
4
.3
)

4
3
(3
1
.2
)

1
4
(1
0
.1
)

2
0
(1
4
.5
)

4
(2
.9
)

4
(2
.9
)

7
(5
.1
)

1
0
(7
.2
)

W
an

g
Z
4
1

1
6
Ja
n-
2
9
Ja
n

U
ni
o
n
H
o
sp
it
al
,W

uh
an

,C
hi
na

6
9

4
2
(3
5
-6
2
)a

3
2
(4
6
.4
)

9
(1
3
.0
)

7
(1
0
.1
)

8
(1
1
.6
)

4
(5
.8
)

—
—

4
(5
.8
)

W
u4

3
2
5
D
ec
-2
6
Ja
n

Ji
ny

in
ta
n
H
o
sp
it
al
,W

uh
an

,C
hi
n
a

2
0
1

5
1
(4
3
-6
0
)a

1
2
8
(6
3
.7
)

3
9
(1
9
.4
)

2
2
(1
0
.9
)

8
(4
.0
)

5
(2
.5
)

2
(1
.0
)

—
1
(0
.5
)

Z
ha

ng
4
4

1
6
Ja
n-
0
3
F
eb

Se
ve

nt
h
H
o
sp
it
al
,W

uh
an

C
it
y,

C
hi
na

1
4
0

5
7
(2
5
-8
7
)b

7
1
(5
0
.7
)

4
2
(3
0
.0
)

1
7
(1
2
.1
)

7
(5
.0
)

2
(1
.4
)

2
(1
.4
)

3
(2
.1
)

A
bb

re
vi
at
io
ns
:V

al
ue

s
ar
e
n
(%

)u
nl
es
s
o
th
er
w
is
e
st
at
ed

.
a
m
ed

ia
n
(IQ

R
).

b
m
ed

ia
n
(r
an

ge
).

c N
re
po

rt
in
g
co

-m
o
rb
id
it
ie
s.

SINGH ET AL. 1919



hospital-based studies carried out in China. However, by

attempting to remove overlapping cohorts, the current review

has gone further than previous systematic reviews, which have

not addressed this issue and consequently have included all of

the eligible published studies.

This review was also limited by the reporting of co-morbidities in

the included studies, in particular in the registry study,30 from which

only a proportion of participants could be included in the current

meta-analysis because of missing information on co-morbidities. In

addition, we did not have data on multi-morbidities, with many of

these chronic conditions co-existing, which would have been a useful

factor to assess. From this analysis, it is unclear whether the risk of

severity of COVID-19 or mortality are related to poor blood pressure

or glucose control in individuals with co-morbidities, but again these

data were not available to assess this aspect fully. Recent reports have

also highlighted possible ethnic differences, with black and minority

ethnic groups being more affected by severe disease, but our review

was mostly limited to studies carried out in China, where results were

not reported by ethnicity, and thus we were unable to investigate

this.45 In addition, there has recently been speculation regarding the

association of obesity with severe COVID-19, after results from a sin-

gle-centre study of 124 patients,46 although a recent report from the

UK Intensive Care Audit contradicted these results and suggested that

the BMI values of patients who were critically ill with COVID-19 were

similar to those of the general population.45 Unfortunately, only one

study in those included reported data on BMI, and therefore we could

not investigate this relationship in our review. Finally, four of the

meta-analyses were statistically significant for publication bias after

testing using Egger's test, although this test does display a high type 1

error rate,17 and when trim and fill were undertaken no study esti-

mates were removed or added. Those results from the meta-analyses

where publication bias was found to be significant should still be

interpreted with caution.

Five recent meta-analyses (two as yet only available on preprint

websites) have assessed the prevalence of co-morbidities in people

with COVID-19.9,10,47–49 Three systematic reviews, with search dates

finishing between the end of February and 5 March 2020, found simi-

lar results to those reported here, but with fewer studies.9,10,49 Emami

et al,9 Li et al49 and Yang et al10 included 10, six and nine studies,

respectively, and in COVID-19 patients reported a prevalence of

TABLE 2 Summary of meta-analyses results for prevalance of co-morbidities, and increased risk of mortality and severity of disease by co-
morbidities, in COVID-19 patients

Co-morbidities N studies Pooled effect size (95% CI), P-value I2 (%), P-value Egger's (P-value)

Estimated pooled prevalences (%) of co-morbidities in COVID-19 patients

Hypertension 13 22.9 (15.8, 29.9), <.001 97.3, <.001 .524

Diabetes 14 11.5 (9.7, 13.4), <.001 81.2, <.001 .573

CVD 14 9.7 (6.8, 12.6), <.001 96.6, <.001 .724

COPD 13 3.1 (1.0, 5.2), <.004 97.4, <.001 .018*

CKD 10 2.4 (1.5, 3.2), <.001 81.8, <.001 .996

Cerebrovascular disease 7 3.0 (1.8, 4.2), <.001 56.3, .033 .114

Cancer 13 3.9 (2.5, 5.4), <.001 88.2, .001 .400

Estimated pooled RR of suffering severe COVID-19 if you have a co-morbidity compared with if you do not

Hypertension 6 1.66 (1.32, 2.09), <.001 30.9, .204 .819

Diabetes 7 2.11 (1.40, 3.19), <.001 84.6, .001 .030*

CVD 7 2.55 (1.85, 3.51), <.001 72.5, .001 .031*

COPD 6 2.62 (2.31, 2.97), <.001 0.0, .830 .015*

CKD 2 3.86 (2.32, 6.40), <.001 38.5, .202 —

Cerebrovascular disease 1 1.73 (0.74, 4.05), .208 — —

Cancer 2 2.48 (1.46, 4.19), .001 0.0, .544 —

Estimated pooled RR of mortality from COVID-19 if you have a co-morbidity compared with if you do not

Hypertension 3 1.53 (0.86, 2.71), .151 92.2, .001 .251

Diabetes 2 1.83 (0.89, 3.73), .100 81.9, .019 —

CVD 2 1.88 (1.41, 2.51), <.001 0.0, .478 —

COPD 1 1.53 (1.03, 2.28), .035 — —

CKD 1 1.84 (1.03, 3.30), .040 — —

Cerebrovascular disease 1 2.48 (2.14, 2.86), <.001 — —

Cancer 1 1.77 (1.08, 2.88), .023 — —

*Where publication bias was significant, trim and fill analyses were carried out (details reported in the supporting information).
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hypertension of 16%-17.1%, diabetes 8%-9.7%, and CVD 5%-12%.

These results are complementary to those reported here, which is

unsurprising given that these reviews cover many of the same studies,

although the results presented here are based on more data (from 13

or 14 studies), with greater care taken to remove those cohorts which

overlap from the review. Jain and Yuan48 identified seven studies

NOTE: Weights are from random effects analysis
.
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(1813 COVID-19 patients) for their systematic review, and showed

that CVD, COPD and hypertension were associated with significantly

increased odds of both severe disease and intensive care unit admis-

sion, but also found that diabetes was only borderline for a significant

association with severity of COVID-19 disease. Chen et al47 pooled

results from nine studies and reported a significant association

between disease severity and hypertension (OR 2.3; 95% CI 1.76 to

3.00), diabetes (2.67; 1.91 to 3.74) and CHD (2.85; 1.68 to 4.84). The

results complement those reported here, although this synthesis

includes more studies and assesses more co-morbidities as risk fac-

tors. This is the first review to show an association between CKD and

cancer, and severe COVID-19 disease, and to also show an associa-

tion between CKD, cerebrovascular disease and cancer, and mortality

from COVID-19.

The results of this review should help in identifying those individ-

uals most at risk of severe complications from COVID-19, and hence it

is useful for public health messaging on social distancing and self-isola-

tion. This review updates the evidence on the association between co-

morbidities and COVID-19, and identifies additional groups which are

vulnerable, including patients with CKD and cancer. In light of this evi-

dence, policymakers should give clear guidance to those groups which

are at an increased risk of severe COVID-19. The results of this analysis

should also help with targeting people for ongoing trials, and to inform

policymakers as to which groups should be prioritized if a vaccine

becomes available. The high mortality associated with COVID-19 in

these chronic conditions calls for an increased emphasis on future

preventative therapies and vaccination programmes for these groups, in

addition to traditional risk prevention.

In conclusion, this systematic review and meta-analysis indicates

that the presence of co-morbidities such as diabetes, hypertension,

CVD and COPD in individuals with COVID-19 is associated with an

approximately 2-fold increased risk of developing severe symptoms

and mortality.
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